This research was conducted in 2013 to investigate changes in some physiological traits of spring safflower cultivars (C1; Faraman, C2; Goldasht; C3; Sina and C4; Soffeh) under different irrigation treatments (I1, I2, I3, I4 for irrigation after 70, 100, 130 and 160 mm evaporation from class A pan, respectively). The experiment was arranged as split plot based on randomized complete block design in three replicates. Relative water content (RWC), membrane stability index (MSI) and total chlorophyll decreased, but leaf temperature, proline content and soluble carbohydrate content of all safflower cultivars increased with decreasing water availability. The highest increment in proline content and a sharp decline in total chlorophyll due to water deficit was recorded for Goldasht, indicating that this cultivar is less tolerant to drought stress. In contrast, Sina had the lowest proline content and the highest soluble carbohydrate content under all irrigation treatments.
Safflower (Carthamus tinctorius L.) is an important oilseed crop that can tolerate environmental stresses including salinity and drought (Dwiedi et al. 2005) . Drought is considered as one of the main environmental factors that cause osmotic stress and inversely influence plant performance as well as global crop production (Saruhan Güler et al. 2012) . The susceptibility of plants to drought stress varies depending on stress level, different accompanying stress factors, plant species and their developmental stages (Demirevska et al. 2009 ).
Numerous physiological and metabolic responses occurring during drought help plants to overcome injuries caused by osmotic stresses (Bray et al. 2000) . Water content and water potential of plant tissue are considered as the physiologically appropriate integrators of drought effects; thus, relative water content (RWC) has been nominated as a suitable screening tool for drought-tolerant crops (Jones 2007; Terzi et al. 2013) . Movahhedy-Dehnavy et al. (2009) observed that drought-tolerant genotypes of safflower possessed higher RWC than others under water-deficient conditions. Leaf temperature is another easily measured physiological parameter, which allows an indirect way to estimate plant transpiration and it is well correlated with water availability (Blum 1989) . Norouzi et al. (2008) also reported the reduction of relative water content under water stress condition.
Proline accumulation is believed to play adaptive roles in plant stress tolerance (Verbruggen and Hermans 2008) . Accumulation of proline has been advocated as a parameter of selection for stress tolerance (Jaleel et al. 2007) . Proline acts as a free radical scavenger and stabilizes biological membranes, which results in adjustment of cell metabolism and growth in response to stress conditions and in dehydration tolerance of plants (Verbruggen and Hermans 2008) . Changes in soluble sugar contents under drought stress were also reported for a number of species. For example, Koutroubas et al. (2004) observed the positive role of total soluble sugar contents in safflower accessions differing in drought stress. The accumulation of compatible solutes is a prerequisite for the adaptation of plants to osmotic stress imposed by drought stress (Serraj and Sinclair 2002) .
Another plant response to drought stress is change in photosynthetic pigment content. Photosynthetic pigments play important roles in harvesting light. The content of total chlorophyll changes under drought stress (Farooq et al. 2009 ). Drought stress inhibits Chl a/b synthesis and decreases the content of Chl a/b binding proteins, leading to reduction of the light-harvesting pigment protein associated with photosystem II (Sayed 2003) . A decrease of total chlorophyll with drought stress implies a lowered capacity for light harvesting. Since the production of reactive oxygen species is mainly driven by excess energy absorption in the photosynthetic apparatus, this might be avoided by degrading the absorbing pigments (Herbinger et al. 2002) . Also decrease in chlorophyll under drought stress is mainly the result of damage to chloroplasts caused by active oxygen species (Smirnoff 1995) . Din et al. (2011) also reported chlorophyll content reduced in water stress condition. Due to increasing population and edible oil consumption, it is necessary to increase the research on oilseed crops. The main objective of this research was to assess the changes in leaf properties of safflower (Carthamus tinctorious L.) cultivars in response to different levels of water stress. 
MATERIALS AND METHODS

Location and experimental design
Soil analysis
Soil physical and chemical properties of the experimental site are presented in Table 1 .
Experimental design and crop management
The experiment was arranged as split plot on the basis of randomized complete block design in three replicates, with irrigation treatments (I , I , I , I for irrigation after Safflower (Carthamus tinctorius L.) were sown by hand on 23rd April 2013 in 4 cm depth of a sandy loam soil. Each plot consisted of 10 rows of 3 m length, spaced 25 2 cm apart. Seeding rate was 100 seeds per m . All plots were irrigated immediately after sowing. Subsequent irrigations were carried out on the bases of proposed evaporation from class A pan. Hand weeding of the experimental area was performed as required. All physiological traits were measured at flowering stage before irrigation.
Relative water content
Leaves (young fully developed leaves) of three plants from each plot were cut before irrigation at about 12 O'clock and were then transferred to the laboratory within an ice box. Subsequently, several discs of the leaves of each plot with 0.5 g fresh weight were taken and immediately weighed. These discs were placed in distilled water for 24 hours at 4˚C to saturate. At the end of this stage, the surface water of leaf discs were removed by towel papers and were weighed again (turgid weight). The samples were placed in the oven for about 48 hours at 75˚C to dry. The dry weight of leaves was recorded (dry weight). RWC was calculated according to Smart and Bingham (1974) , using the following equation:
Leaf temperature Leaf temperature of three plants in each plot was measured using an infrared radiation thermometer (TES 1327). This measurement was carried out at 11 O'clock, just before irrigation.
Membrane stability index
Membrane stability index (MSI) was determined by recording the electrical conductivity of leaf leachates in distilled water at 40 and 100˚C. Leaf samples (0.5 g) were cut into discs of uniform size and taken in test tubes containing 250 ml of distilled water in two sets. One set was kept at 40˚C for 30 min and another set at 100˚C in boiling water bath for 15 min and their respective electrical conductivities (EC1 and EC2, respectively) were measured by a conductivity meter (WTW-LS90).
Membrance stability index = [1-(EC1/EC2)]×100
Soluble carbohydrate content
Carbohydrates were extracted from dry leaf of safflower in warm water. Quantifications of total soluble carbohydrates were carried out at 490 nm according to Dubois et al. (1956) , using glucose (Sigma Chemicals) as a standard. Soluble carbohydrate content was expressed as mg/g of dry leaf weight.
Proline content
Proline was extracted according to the procedure of Irigoyen et al. (1992) , using 0.3 g of leaf sample and 6 ml of extraction medium. Proline was quantified by spectrophotometry at 515 nm by a colorimetric reaction with ninhydrin (Irigoyen et al. 1992) . The reaction mixture contained 1.5 ml of 25% (w: v) ninhydrin, 1.5 ml acetic acid and 0.5 ml of the extract. Samples were incubated for 1 h in a boiling water bath, and thereafter they were cooled on ice. Then 2 ml toluene was added to the reaction mixture, vigorously agitated and finally the upper organic phase was extracted to measure the absorbance. For the calculation of proline concentration, a standard curve was prepared with L-proline.
Chlorophyll determining
Total chlorophyll concentrations were determined according to Arnon (1986) .
Statistical analyses
Analyses of variances were performed for all traits by SAS (9.1) software. Means were compared by application of Duncan's test when the F test proved significant at P≤0.05.
RESULTS AND DISCUSSION
Analysis of variance of the data (Table 2) showed that relative water content (RWC), proline content, soluble carbohydrate content and total chlorophyll were significantly affected by irrigation, cultivar and their interaction. However, leaf temperature and membrane stability index (MSI) were only affected by irrigation (Table 2) .
Relative water content
Relative water content of all cultivars decreased with decreasing water availability. Soffeh showed the highest RWC under I and I , with no significant difference with 1 2 Sina. However, Soffeh and Faraman were superior cultivars in RWC under I . No significant differences were 3 found in RWC of safflower cultivars under severe water deficit (I ) (Fig. 1) . The decline in RWC could be attributed 4 to an imbalance between water loss from the leaves due to evapotranspiration in the plant canopy and replenishment by irrigation (Jones 2007). Decreasing RWC due to water limitation is an indication of decrease of swelling pressure in plant cells and causes growth to decrease. The high RWC of Soffeh was probably the result of its better ability for water uptake (Kumar and Sharma 2010).
Leaf temperature
The leaf temperature was increased as water deficit increased. Leaf temperature of safflower under severe water stress was 13.67˚C higher than that under wellwatered conditions, similar to the previous findings (Khan et al. 2007; Orta et al. 2002) . However, the difference between I and I was not significant (Fig. 2) .
1 2
Increasing leaf temperature due to water deficit could be the result of decreasing RWC (Fig. 1) and stomata closure. Nielsen and Anderson (1989) , demonstrated that as stomata closed, leaf temperature increased by lower leaf water potential under water stress. Furthermore, lower leaf temperatures under drought-stress conditions could mitigate the heat stress, as an indication of how capable transpiration is to cool the leaves by reducing respiration as well as the loss of water across the cuticle, thereby improving WUE (Water Use Efficiency) (Tambussi et al. 2007 ).
Membrane stability index
Membrane stability index (MSI) was not significantly affected by cultivars, but it was decreased with increasing irrigation intervals, with no significant difference between I and I (Fig. 3) . Desiccation of plant cells causes 3 4
cell membrane leakage of ions and electrolytes (Bandurska, 2001 ). The cell membrane plays an important role in maintaining cell viability, by providing both osmotic and ionic equilibrium between the cellular component and its environment and being involved in signal transduction during water deficit conditions (Bajji et al. 2001) . There is an overall decrease in MSI due to wa t e r d e f i c i t ( Ko c h e va a n d G e o r g ive 2 0 0 3 ) . Modifications of lipid composition of plasma membranes are vital in sustaining membrane fluidity, integrity and functionality when confronting external perturbations (Yeilaghi et al. 2012) .
Soluble carbohydrate content
In general, carbohydrate content of safflower cultivars increased with decreasing water supply. Maximum soluble carbohydrates was achieved in Sina cultivar under all irrigation treatments, but this superiority was more evident under severe water deficit (Fig. 4) . These results are consistent with previous reports showing an increase in carbohydrate content due to water stress (Yau 2006; Zhang et al. 2008) . The accumulation of soluble carbohydrates in plants has been widely reported as a response to salinity or drought, despite a significant decrease in net CO2 assimilation rate (Murakeozy et al. 2003) .
Proline content
The highest leaf proline content of all cultivars was recorded under severe water deficit. Proline content of Sina was less than the other cultivars under all irrigation treatments. Goldasht had the highest proline content under the least water availability (I ), followed by Soffeh 4 and Faraman (Fig. 5 ). Proline and chlorophyll have the same precursors and both of them produced from glutamate. Decreasing chlorophyll content causes an increase in proline content (Rabie 2003) . Proline accumulation facilitates the permanent synthesis of soluble substances in closing stomata. Free proline content increases as water supply decreases (Zhang et al. 2006) . The synthesis of proline in plants extensively protects cell membrane and protein content in plant leaves. Increase in free proline under drought stress has been also reported by other researchers (Alien et al. 2000) in tomatoes.
Chlorophyll content
Chlorophyll content of all cultivars decreased as water stress increased. The highest reduction was measured in Goldasht cultivar, which had the maximum total chlorophyll under well-watering and minimum of that under limited irrigation conditions. However, reduction in chlorophyll content of Sina due to water deficit was comparatively low (Fig. 6) . These results directly related with more and less proline contents of Goldasht and Sina under water stress, respectively (Fig. 5 ). This suggests that Goldasht is a less tolerant and Sina is a more tolerant cultivars to water deficit, compared with other cultivars. Decreased or unchanged chlorophyll level during drought stress has been reported in other species, depending on the duration and severity of drought (Kpyoarissis et al. 1995) . Manivannan et al. (2007) reported that drought stress caused a large decline in chlorophyll a, chlorophyll b and total chlorophyll content in sunflower. Parida et al. (2007) suggested that the decrease in chlorophyll contents of drought stressed plants might be possibly due to changes in the lipid protein ratio of pigment protein complexes or increased chlorophyllase activity.
